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ATRPLANES WITH PARTICULAR REFERENCE
TO DIVE RECOVERY

By John A. Axelson

SUMMARY

An analysis of the effects of compreselibility on ths longi-
tudinsl stability, control, and trim of alrplanes flying at high
subsonic speeds and & discussion of the causes of and the means
for lessening c¢r preventing the diving tendency are prssented.
Wind—tunnel resulis for Mach numbers up to 0.90 exrv included for
purposes of illustration and cover several Investlgations of
longitudinal stability ani control, airfoll charscteristics, dive—
recovery aids, and elevator characteristics. Mesthods are indi-
cated for compensating for the undesirable conbtrol tendencies -
resulting from the characteristics of the wing at supsrocrlitical
speeds by the appropriate choice of elevator contour.

INTRODUCTION

The marked increase in the speed of alrplanes during the
past few yearas has introduced many new problems concerning
longitudinal stability and control.. Perhaps the most significant
problems have been those rslative to dive recovery becauss the
highest spesds have been reached in dives. The adverse effects
of compressibility on the alr flow over the lifting surfaces of
the airplane were first evidenced when the diving speed
sufficiently excesded the critical speed of the airplane wing
(the speed at which local scnic welocity first occurs on the
wing). In many instances, airplanes developed strong dlving
tendencies and the pilots expsrienced great difficulty in
effecting recovery from dives. Because of the hazardous nature
of the problem, extensive high—speed wind-tunnel investigations
were conducted, which resulted in the development of corrective

RESPRICND -
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devices and the egtablishment of high—speecd deglgn criteria.

A discussion of some of the problems of longltudinal stablility
and control arising in high-speed flight appears in reference 1.
Several investigotions conducted since the publication of refer—
ence 1 have added conslderable new information. The present report
sumarizes the current mowledge of high—speed longitudinal stabllity
and control for the range of subsonic Mach numbers thus far covered
by wind—tunnel investigations. The remorks and design criteria
included in this report should [ind use in the deaign of high-
speed airplanes or for corrvecting the diving tendency of existing
airplenea. It should be noted, however, that at Mach numbers
above the limits of the tests summrized in this report additional
drastic changes in stability and control may be encountered.

This discussion is divided into five main sections., The first
section summarizes the causes and prevention of the diving
tendency. The second section contains explanations of the effects
of compressibility on longitudinal stablility and trim. The third
section contains a discussion of airfoll characteristics. The
fourth section refers to three high-speed wind--tunnel investigs—
tlone of verious methods for lmproving diving cheracteristics of
alrplanes. The fifth section contains a discussion of the
influence of slevator contour on longitudinal stability and control.

The wind—tunnel results included in this rerort are from testa
conducted in the Ames 1l6-foot and 1— by 3L-foot high-speed wind
tunnels and have been corrscted for tare, tunnel-wall, and
constriction effects. For all calculations, unleas otherwiss
noted, the center of gravity is assumed to be ait the guarter—chord
point of the mean aerodynsmic chord.

SYMBOLS

The symbole used in thls report are defined as follows:

e ,
Cr, 1ift coefficient (XL
\ ¢S
/e
Cp drag coefficient i;£§5>
q

Cn  pitching-moment coefficlent about the quarter-chord point of
/pltching moment>

the M.A.C. |
'\ q.s CW
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Cm,,

Ch

wing plitching-moment coefficient at zero 11ft

elevator hinge-moment coefficientf/EEEEQ-EQE§E§>
@ be cg2

free—stream dynamlc pressure (%sz), pounds per squore foot
free—-strean mass density, slugs per cubic foot

free—gtream velocity, feet per second

surface area, square feet

mean serodynomic chord, feet

local chord, feet

angle of attack, degrees

elevator angle, degrees

elevator spen, feet

mean square chord of elevator aft of the hinge line, square
feet

deflectlion of movable surface, dsgrees
load factor
free—gtream Mach number

critical Mach number

v ie
lift-curve slops
two—-dimensional lifﬁ—curve slope for incompresslible flow
downwosh angle ot tall plane, degrees
distance between the quarter—chord polnts of the mean nero-

dyncmic chords of the wing and of the horizontal tall
plane, feet



L NACA RM No. ATC24

A agpect ratioc (b2/s)

b span, feel =
Subacripts

W wing

t horlzontal tall

£ flap

e elevator

THE CAUSE AND PREVENTION OF THE DIVING TENDENCY

The primary cause of the high—speed diving tendency is the
reduction in 1ift of the wing at supercritical Mach numbers. The
logss In 1lift causes a reduction in wing lift—curve slope and 1s
generally acconmpanied by an increase in the zero-lift angle, both
of which lead to stability and trim changes and to an objectionable
increase In the angle of atback of the horizontal tail. The
longitudinal control may be aggraveted further by the character—
istics of the horlzontal tail and elevators.

The ideal way of obtaining good high-speed dive-recovery
characteristics for an airnlane would be to provide a wing end
horizontal tall with critical Mach mmbers high enough so that
the Mach number of 1ift divergence would exceed the maximum
Mach number exvected in dives. In cases where the Mach number of
1ift divergence of the wing must be exceeded in flight, the diving
tendency may often be controlled or prevented by the proper cholce
of airfoll sections and airplane configuration. The main design
factors affecting the criticael Mach number of the airplane and the
diving tendency are the spanwise variations of the thickness—to—
chord ratio, camber, ailrfoll sectlon, taper, and sweep of the wing
and horizontal tail.

For existing alrplanes where changes 1n the foregoing items
are not feasible or are insufficlient to achleve satisfactory
control, changes 1n elevator contour or an auxillary device, such
as a dlve brake, dive—recovery flap, or stabllizer flap may be
employed, or the stabilizer may be made movable.

Detalled explanations of the effects of compressibllity and
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of configurstion changes on the longitudinal stability and control
are presented in the follewing sections.

EFFECTS OF COMPRESSIBILITY ON LONGITUDINAL
STABILITY AND TRIM

Longitudinal Stebility

A necessary conédition for en airplane to possess statlc
longitudinal stability is that the pltching-moment coefficlent
decreases with iIncreasing 1ift coefficient. If the pltching—-
monment components of only the wing and horizontal tall are
considered, neglecting the contribution of the tail plane to
the total airplene 1ift, the static longitudinal stability may
be expressed as

- (O C NN

where the pitching moments are measured sbout the respective
guarter—chord points.

In gensral, as polnited out in reference 1, the changes in the

and of the tall ——
T acy,

due to compressibility are relatively emall compared to the changes
in the steblllty of the complete alrplane,

longlitudinal stability of the wing

The ypredominant effect of compressibility on the statlc
longlitudinel stability of the airplane is its effect on the
gtabllizing contribution of the tall plane, expressed by the
third term of equation (1). Below the Mach numbers of 1ift
divergence of the wing and tail plane, the ragio of the lift—curve
glope of the tall plane to that of the wing =% remaing

approximately constant. Above the Mach number of 1lift divergence
a
of the wing but below that of the horizonital tall, the ratio 'a_wt'
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increases because the wing lift—curve slope 1s meterially decreased.
The reduction in a, and the accampanylng reduction in g:—-g produce

e serious Increase 1n the static longitudinal stability. In cases
vhere the critical Mach number 1s lower for the inbcard portion of
the wing than for the outboard powtions, the loss of 1ift over the
Inboard portion results in a greater reductlion of the downwash on
the tail plane and a further increase in the longitudinal
stabllity.

In the usual coase, where the Mach number of 1lift dlvergence
of the tail is higher than that of the wing, & decrsase in the
static longitudinal stability would be expected upon exceeding
the 1ift divergence Mach mumber of the tail. Furthermore, the
logs in elevator effectivensas sbove thils Mach number would lead
to control difficulties. '

Longltudinal Trim
The changes in longltudinal trim due to compressibility
effects may be eanalyzsd by considering the piitching-mcment

coefficient of en airplene under the same sssumptions as those
used for esteblishing equation (1):

Cp = Cp due to wing + Cp due to tall

=cmo+CL(:'Ccz"" +o&t(-}%c?i)

but

% = agp=0 + Cr (g'c'mf)— R @igf)— CL<%£>
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thecreforo

Cp = C +CL(EGE-—> acL-o+GL< ) GL( C‘x) Qcm (@)

No important trim change 18 to be expected in the subcriticsal
range of Mach numbsrs, but above the Mach number of 1lift divergence
of the wing, unfavoreble trlm changes occur whlich increase the angle
of attack of the tall and lead to a diving tendency. The principal
causes of the adverse changes in trim at Mach numbers above that for
1ift divergence for gll alrplanes are the reduction in lift-curve
slope and outboard shifts in the span loading of the wing. Ixisting
data indicate little change in the other factors entering equation (2)
for eirplanes wlth wings having symmetrical or conventional alrfoil
sections., However, for airplenes having wings with NACA 6—series
airfoil sections, a significant incrsase in the angle of attack for
zero 1ift occurs ebove the Mach number of 1lift divergence when camber
and thickness—to—chord ratios greater than 12 percent ars used.
Accompanying the Increased zero—lift engle for such alrfocils, there
is a favorable Increase 1n the winz pitching moment which partislly
balances the advirse effect of the Incressed zero lift angle.
Secondary trim changes may be caused by fuselsges, nacelles, or
povwer—-plant installations, depending on the configuration of the
airplens.

ATRFOIL CHARACTERISTICS

Tho preceding discussions have stressed that the wing should
have a critical Mach number high enough that the Mach number of
1lift divergence approaches as closely as possible or exceeds the
maximum Mech numbsr expected in fllight. The most effective means
for accomplishing this are the use of sweep, low aspect ratlio, or
low thicknsesa-—to—chord ratio in conjunctlon with high-speed alrfoil
sections, High-speed wind~tunnel results sultable for comperative
purposes are presented in figure 1 to show the effect of thickneoss
on the drag coefficlent, angle of attack for zeoro lift, lift—curve
slope, and pitching-moment coefficient of NACA 6-serics airfoils.
Thrao—dimensional data are presented for 8-, 10—, and l2-porcent—
thick NACA 65-series airfoils. while two dimensional data are
given for 5-, 8-, 10—, and 12-percent—thick NACA 64—, 65—, and
65-gerics ailrfoils.

The data in Tigure 1 indicate that reducing the thickness
greatly decrcases tho drag cooffTiciont at high Mach numbors;
increasos the Mech nmumber of drag divergence; roduces the shift
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in the zoro—lift sngle; increascs the Mach numbor of 1lift
dlvorgonco; incroases tho lift—curve slope at high Mech numbors;
and docrcascs the wing pitching-momont cocfficiont at high Mach
numbers.

Figurc 2 prosontes a summary of tho offcects of compressibility
on thc lift charactoristics of soveral modsls of wings and alrplanos.
Abovo tho Mach numbers of lift divecrgonco, tho lift coofficicnts at
constant angles of attack for the camborod wings tcnd to convorge
at nogativo valuos. In order to sustailn loval flight at very high
Mach numbers, the requirod positive 1ift, 1f obtainable, requiros
incroasingly larger angles of attack, which in turn tonds to
dovelop en incroasingly povorful diving tendency. Symmetrical
airfoils tend to converge at zoro 1ift above tho Mach numbor of
1ift divergence. Tho use of swoop appears to bo tho most promising
mothod for retaining lift somowhat farthor into the transonic spced
rexgo, end has the adventago of significant roductloms in drag at
high Mach numbers. Longitudinel and .lateral stebility difficulties
mey arisc with swept wings, however, as a result of changes in
gpanwise load distribution occurring at high Mach numbcrs.

Somo favorable rosults have boen obtainoed by the ure of
nogetivoly doflectod, trailing—odge flaps for roducing the
variation of 1lift coofficient with Mach numbor for unswopt wings.
Two—dimonsional and threc—dimensional wind~tunncl rosults for
nogative flap deflections on the NACA 65-210 airfoll aro shown in
figurc 3. Above the Mach number of 1ift divorgencc, the loss in
flap of foctivoness (negative) tends to balance the loss in wing
1ift. Bocauac the 1i1ft does not drop off so abruptly as in tho
case of tho basic wing, thore rosults a somowhat smallor variation
with Mach numbor of the angle of atteck roqulred to malntain a
constant 1ift coofficiont. Tho pltching-moment coofflicionts
appear to convorge toward those for the basic alrfoil at the
highest Mach numbors.

Tho -usc of nogatively deflectod flaps, however, involves somo
limitationg. For oach flap sotting thero 1s a rclativoly small
range of 1lift coefficients whore tho varlation of 1ift with Mach
number is approciably reduced. Also, increasingly lergcr deflectlons
or largor fleaps would probably be requirod for highor 1ift coof-
ficiont., Further, as shown in filgurc 3 at Mach numbors well above
tho Mach number of 1ift divergence, thoe flaps lose tholr offuctlive-
ness due to tho separation on the lower surface of tho flaps. Aftor
the flaps bccome IneTfoctive, the 1ift mey possibly diminish with
furthor incrcase in Mech numbor in the same manner aeg that for tho
baslc wing at or ncar tho same angle cf attack.
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Nogotively cembored airfoils havo not boon uscd in high-spced
flight, but the rosults in figurc 2 indlcate that thoro would be =
convergenco at small positivo 1ift coofficionts if the wings wore
morely Invertcd. Tho maximum 1lift coofficiont for such a wing,
hovover, would be appreciably less than that for the wing in its
normally upright attitudo.

TYPICAL HIGH-SFEED WIND-TUNNEL INVESTIGATIONS

Throo high—spsed wind—tunnel investigations of alrplanc models
oxhibiting the diving tendoncy to varying degress will now bo
nrescnted,

Cage 1

Onc of tho first high~epood alrplenos to encounter compressi-
bility offocts 1n £light developed o strong diving tondency which
often could not be overcomo by tho pilot until considoeraoble
altitudc had boon lost. High-speed wind—tunncel tosts of a modol
of thils alrplanc, which areo roported ir rcferonces 2 and 3, showed
that tho inboerd portion of the wing betweon tho twin booms hed a
relatively low critical Mach nurbor which was being oxccoded con—
sideyably in dives at high altitude, At the supercritical speeds
Investigated there was little change in the angls of attack for
zoero 1ift, but there vas a significent reduction in lrift~-curve
slope accompanying tho loss In 118t of tho centor scction of the
wing and o shift of load to the outboard portions of the wing.

The reduced lift—curve slope, the shift in span loading and the
reduced downwash on the tall grecatly Incireased the static longi-
tudinal stebillty, resulting In e strong diving tendoncy.

Fizure It presents the variation of the pitching-moment coofficient
with Mach number. The large decreasc In tho pitching-moment
coefficient starting botwoen 0.6 and 0.7 Mach numbers cloarly
1llustretes the diving tendency of the stendard model.

In order to develop cures for the diving tendency, sevoral
changes wore made to the model es indiceted in figuro L. Romovel
of tho fusclege materially increasod the Mach number at which the
pitching-moment coofficlent divergod. The large dotrimontal effect
of the standard fuselsge In reducing tho critical Mach number of
thae wing may be attributed te the closs proximity of the region of
lowest pressure over the canopy to that over tho upper surfaco of
the wing and to tho rapld convergsncc of the aft portion of the
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fuselage, which was conducive to soporation. The installetlon of
the reviged fusolage romudied thosc twoe conditions and motorially
increassed tho Mach number at which thg diving tendency developod.
In terms of eguation (2), the improvement wes duc to tho delaying

&
of the divorgence in tho lift-curve slope E§E and the downwash

on the tail %%E to a highor Mach nuribor than thet for the
original conflguration.

Othor changes to the wing inboard of the booms includod thoe
goparatc additions of a wing bump and of a wing glove which
extended tho wing chord. The purpose of the wing bump was to
rostore 1ift to tho inboard sechtion of tho wing., The wing glovo
was intendod to increaso the critical speod of the centor portlon
of tho wing by decrcasing tho thickness—to—chord ratio end theo
Incidonce. Noelther altoration wae satisfactory becouss of the
powerful adverse effoct of the standard fuselege., although cach
hed some favorable offect.

Chenges to the wing outboard of the boomsg includod drooping
the ailerons 15° and the addition of dive—rocovaery flaps. Tho
drooped ailerons improved the pitching-momont chersctoristics and
ralsed the Mach number at which tho diving tendoncy dovelopoed
bocause the large cembor cxisting over ths outboaord portion of tho
wing relieved tha 1lift on tho conter wing penel aond roduccd the
engle of attack for zcro 1ift by almost 39, The rosult wns that
tho tall angle of atteck was considcradbly reduceod. Such a con—
Tiguration was not applicable to the airpleno, however, for several
reasons. anong them belng that tho drag was doubled. Tho outboard
dive—recovery flaps produced a favorablc shift In trim by docrocs—
ing the engle of attack for zero lift and incroasing the downwash
on thoe tall, but did not alter ths Mach numbar at vhilch thc diving
tondency developed. The increese in trim 1ift coefficiont duweo to
tho chengeas 1n pressuro distribution produced by the flaps arc
explainecd in roforence 4 which presonts a surmery of dive—recovory
flap installations on sevoral modoels including thosc discusscd In
this report.

Case 2

Anothor wind—tunnol invostigetion involved a modol of
configuration somewhat slmilar to the model Just discusscd, oxcopt
that it had two fusoleges Instead of two booms and had no contral
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fusolagze, as shown in figure 5. Tho wind-tunnol tests wore con—
ducted to corroct the diving tendency and buffoting which
doveloped in flight above 0.70 Mach nurber.

High-spoed wind—tunnol teats of the model with wool tufts
glued to the surfaces rovealed extersive separatlion from tho conter
section of the wing and from the fuselages. Prossure data disclosed
that the slope of the section normal-force curve was considerably
highor for the inboard portion of the wing then for tke cutboard
portion at high subcritical Mach numbors because the cnd—plate
effect of the fuselages effoctively increasod the aspoct ratio over
the center section of the wing. The correspondingly roduced
pressures oveor this portion of tho wing approcicbly lowored the
local critical Mach nusber. In addition to these influocnces on
tho spenwise variation of critical Mpsh number, outboard of the
fuselages thoro was 2° washout and & roduction in thickness—to—
chord ratio from 15 porcent ot the fuselage to 12 psrcent at the
tip.

The effect of adding dive—reccvory flaps was to increase the
trim 1ift coefficient; but, as in cass 1, no chenge in the Mach
nurber at which the diving tendecncy developed or in the stlck—flxod
stability was produced. Revisions to the cooling ducts under the
fuselages and to the lower surface fuselage—wing fillcts reduccd
the separation from the fuselages. Roflexing the ef't portior of
the wing between the fuselages cffectively decroased the 1ift of
the centor section snd approciably increesed tho HMach number at
which separation developed. The diving tendency wes climinstoed at
low 1lift coefficiernts up to the limlts of ths test (0.80 Mach
number), as indiceted by the varlation of pitching—roment coef—
ficient with Mach number. Thoe drag of the airplene at high spsecd
was slightly reduced by the reduced scparation. Subsoguent flight
tests of & rovised alrplans substantisted the wind-—tumnel results
and revealed that the buffeting end diving tendency had boon
elininated.

The aserodynamic reasons for the improvemsnt méy be oxplained
by.referring to equation (2), term by term.

The modification to the wing increamed the wing piiching-—-
moment coefficient at zerc 1ift Cmo below 0.77 Mach number, but

decreased it sbove this Mech nurber, rclative to the values for
the original configuration.
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The effect of the wing modificetion on the wing stohility

df
E;EE was vory smell excopt for a slight decreaso sbove 0.75 Mach

number at low 1ift coefficlients.
Tho englo of attack for zero 1lift ag . g Wwoe Incroasod by

the model revisions, but the variation of tho zero 1lift angle
throughout the Mach numbor rangc of the tests was apprcocisbly
roduced, thereby reducing tho trin changes characieristic of tho
original configuration. The more constant zoro-lift e2ngle mey bo
attributed to tho reflexed portion of tho inbourd wing section,
which produced offocts similar to those of & nogativoly deflocted
Y5-percent—chord flap. At the highor Mach numbers, thoe reduction
of negative 1lift accompenying tho loge in 11t cffoctiveness of tho
reflexed tralling eodgo balancoed the loss in positive 11Tt of tho
wing.

The offect of the revisions on the wing lift-—curve slope, the
reciprocal of which appears in egquetion (2), wee nogligible. Tho
rate of chango of downwash at the tail with changing 1i<t

coofficient %gL- was affected favorably by the revieslons to tho

L
modecl. Bocause of tho roduction In offectivonoss of the rofloxed
trailing edgo at high Mach numbers, thore wos en Inboard shift of
tho loading on the wing, Incroasing tho downwnsh nngle at tho tail.

In summation of tho offects, i1t spmcars that the Improvonent
in tho longitudinal stability and trim n=y be attributed in tho
most pert to the roflexod tralling edgo which rolievod the 1ift on
the Inbozrd wing, increesed the critical Mach numbor, dolayed
soparation, and maintained o rorc noarly comstant zoro—l1ft =anglo
for the model.

Casc 3

The results of anothor wind-tunneol Investigation are swmin—
rizod in figure 6. The wing of the model was of rathor unusual
shapo bocause of tho location of the Jjot engines In its roots.
The wing soctlon at thoe center line of the Jets closcly roscrblod
tho NACA 66(218)-£220 scction with a lozdinc—cdge elr inlcet. Tho
line of maximum thickness wes swept back over tho thickenod root
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portion of the wing, reaching a msximum swoep angle of about 60°
at the side of the fuselago.

The wind—tunnel rosults showed a large incrosse in the angle
of attack for zero lift and a material reduction in the lift-—curve
slops, with incressing Mach nuubor both of which usually lead to =
diving tendency as outlined in the discussion of equations (1) and
(2). The variation of pitching-momont coefficilent with Mach nuwber
for the complete mecdel, however, rovesled only a slight diving
tendency and indicated no difficulty in recovering froam dives up
to 0.80 Mach number. The pitching maments for the model with the
tall removed increassd markedly above 0.7T0 Mach number. This
slzeable increase in wing pitching moment, dconoted as Cpy in
equation (2), was dub to a forward movemsnt of the centor of prossure
caused by soparation over the uppcr surfacc near thoe tralling edge
and wes large enough to balance the diving moment from the tail, sg”
that in spite of the large incroase in the angle of attack for zero
11ft and the reductlon in wing lift—curve slope thero was no strong
diving tendency.

Chordwise pressurs data for sevoral stations along the span of
the wing showed that the chenges in the angle of atbtack for zero
1ift and the pitching moment occurred at all wing scations. The
same changes have beoon cbserved in prossure data from other high-
speed wind—tunnel investigations of thick, camborcd, NACA 66~sories
eirfoila. Further, a significant docrocse in wing stability at
the lower 1ift coefficicnts, as ovident from the specing of the
pitching-moment curves in figure 6, helood to provent o largo
increaso in the static longitudinel stabllity of the complete model
when the Mech number of 1lift divergenco was excecded. The prossurs
data Indicate that thers was en inboard ghif+t in the spenwise load—
ing at higher Mach numbers, Tufts and prossure data rovealed that
the flow ovor the inboard pert of the wing was very good in spite
of the large thickness—to—chord ratic. Closing the ducts produced
no apprecisble change. Tho spanwise variation of critical Mach
nurmber computed from the pressure data is showm in fizuro 6. The
relatively high critical Mach nurtber of the inboard portion of tho
wing may be attributod to the throe—dimensionsl offects produced
by the marked change in thicknesa, taper, and sweep of this part
of the wing. The critical Mach numbors based on tho posk negativo
prossurss over the duct lips ars indicated by the dashed linos in
the flgurs. Actually, no approciable shock or sopzration
doveloped as a result of thesc locel pressure penks hecause of the
atrong favorable pressure gradient extonding back to theo midchord.
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EFFECT OF ELEVATCR CONTOUR ON LONGITUDINAL
CONTROL AND STABILITY

The effect of elevator contour on the hinge-moment coeffi-
clents and longltudinal-control characterlstics of two models is
sumarized in figures 7 and 8. The results in figurs T wore
obtainsd with the model shown in figurs 6; whereas those in
figure 8 were taken from the tests of a model of a conventional
lowwing, single-fuselage, Army pursuit airplans reported in
reforence 5.

Because of the large number of factors involved, prediction
of elevator characteristics at high epsed 1s often more difficult
than the prediction of the charscteristics of a wing. Experlmsntal
data bave been the best gulde and same of the mors gonsral results
are prosented in the prssent report.

The effect of compressibility on the beveled tralling-edge
balance is clearly shown in figure T(a). The hinge—moment cooffi—
clents for the elevator having both the overhang-nose balance and
the beveled trailing cdge indicate a high degree of balance atb
0.397 Mach number and a significant increase in hings-moment coeffi-
clent with increasing angls of attack. At tho higher Mach numbers
the combined effectivensse of the two asrodynamic balancos becomps
excessive, and the slevators become wnetable with respect to the
variation of hinges-moment coefficient with elevatur deflection.
Removal of the bevels greatly reduccd the serodynsmic balance and
eliminated the Inetability at higher Mach numbers. Tho bevel

causges a slight reduction in slevator effectivoness %Eg . The
o

marked Increase in balance effuctivensss at higher Mach numbars
rendsrs the bavel not generally suitable for high-speed uss. Tho
balance effectivensss of the ovorhang increases with Mach numbor
but not as mach as that for the bevel. The effectivensss of tho
gcaled, intornal nose balance veries with the arca of the ovurhang,
and is affected only slightly by compressibility. The horizontal
tail on which the sealed, intornally balanced clevator was tceted
had the NACA 652—015 gection with & slightly increased span and an

incidence of 0°, while the two blunt-nose elevators werec tosted
on & horizontal tail having NACA 0012 and 000% sections,
respectively, at the root and +tip, and an incidence of 1°.

Both horizontal tails were set at O° incidence. Becauso of the
large thickness—to-chord ratic of the tail having the sealed,
internally baelanced elevators, ths critical Mach number was bolow
0.75. At 0.80 Mach number, the balance effeoctivensss was reduced
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due to separation csused by a shock wave forward of the vent alots
to the ssal chsanber.

The longitudinal-control characteristics of the model with
each of the three elevators ars shown in figures T7(b) through T(f).
The elevator hinge-mament coefficients for balence, shown in
figure 7({b), are those corresponding to zero pitching moment and
represent the conditions encountered in Tlight. An unstable
variation of elevator hinge-mament coefficient for balance with
elevator deflection generally results in an unsteble variaticn of
stick force with elevator angle and with normael acceleration. The
overbalancing effect of the bevels is clearly evident. The baiance
curves for the model having the flat—sidsd elevator remaln relative—
1y stesp because of the large veriation of hinge-moment cocefflclent
with angle of attack. The balance curves for the sealed, internally
balanced elevator dlsplay little change in slope throughout the Mach
numbsr range. This is desirazble for the maintenance of a constant
stick—force gradient in accelerated flight throughout the Mach number

range.

The variations of elevator effectiveness with Mach number for
the three elevators are shown in figure 7(c). The roduction iIn
effectiveness above 0.7T5 Mach nurmber for the sealsd, internally
belanced elevator indicates the desirsbility of reducing the
thickness—to—chord ratioc belcow 15 mercent.

The variation of neutral-point locatlion with Mach number for the
model with each of the thres elovators is presented in figure 7(d).
The destabllizing effect of the bevels on the elevstor results Iin
a large forward movemont of tho stick—frece neutral point ai the
higher Mach numbers. Tho atick-free neutral points for the model
with the Tlat-gided elevators end with the sealed, Intermally
balanced elsvaetors movo aft at the higher Mach numbers duc to the
variation in hinge—nmoment cocfficient with angle of attack. Above
the critical Mach rmuumbor of tho tail having the sealsd, internally
balanced olevator, a forvard movomont of the stick—frce neutral
point accompanies the reduction in elevator effectivenoss. The
stick~Ffixed neutral point changes only slightly with changes In the
elevator contour.

Figures 7(e) and T(f) presont tho elevator defluctions and
stick forces calculated from the wind—tunncl rosults for the airplanc
at an altitude of 10,000 feot with s wing loading of £7.€ pounds per
square foot. A mild diving tendonecy is indicetsd by Tigures 6 and
7(s) for the model in tho stick—fixed condition. Thore is little
difference in the varistion of elevetor angle with Mach nuwbor between
the threc cases, but there arce largs difforences in the stick forces.
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With the beveled eleovators, tho stick—forco gradilicnt bosomos com—
plotely reversed at the highor Mach numbore. Above 0.75 Mach mumber,
increesingly larger pull is required to melntain icvel flight.
Removing the bevels climinated theo reversed stick—force grcdicnt,
but 414 not sliminate the unstable variation of stick force with
speed above Q.75 Mach number. For tho model with tho rovised hori-—
zontal tall incorporating tho sealod, interrally balancod olevators
increasingly fargor push 1s requircd sbove 0.75 Mach nuwrbor. Thus,
if the airplane were trimmed in level flight above 0.75 Mach numbor,
any incresse in spced would be accompanied by a climbing tendency.

The hinge-moment characteristics of throo round-nose elevators
are prosented in figure 8(a). The bulged cvlevator was testod om &
horizontal tail having the NACA 65-010 silrfoil section, while tho
flat-sidoed and partlally bulged elovators wurse tostod on a hovi-
zontal tall having an airfoll section approximeting the NACA 0010
elrfoil soction. Bulzing the contour aft of the hingc linc provides
serodynamic balancoe by moving the minimum pressurc aft on the upper
surface of the upwerdly doflocted elovator and forward on the lower
surface. Noar the trailing odgo the pressure on the upper. surfaco
of tho bulgod olovator is less than that st 2 corregponding location
on tho lower surface for up—elevetor sctiings less than sbout 5°. .
In 2dditlon to reducing the hinge moments, tho bulge csuses tho
kinge—moment coefficicnts to incroase with anglec of attack and
appreclably reduces tho elevator offectiveness, as shown In .
figure 8(c). Wigure 8(3) indicatos that the siick—fixod noutral
point was affosted littlo by chenge in olovator contour. The stick--
free noutrel point moved consideraebly aft for the model with tho
bulged elevators but changed very little fram tho stlick—flxed
location for ths model wilth cither the flat-slded or partinlly
bulged oleveitcrs. A comperison of the stick-{force charsctoristics,
showm in figurs 8(f), roveals that the model heving the bulged
cluvators pogsoesses a morc favorable stick-force gradlent and retalns
8 gtable variation of stick force with spsed to a highor Mach numbor
than when oguipped with the flat-eided or pertially bulged clovatoras,
The reducod stick—Torce gradlent is duc to the balencing action cf
the bulgo in reducing the hinge-momsnt coci'flelents. The incroosed
push requircd at high speed may be attributed *o the lergoe docrease
in balance hinge-momont cocfficient with Incroasing Mach numbor,
evident in tho hingc-moment curve of figurce 3(b).

The rosulte shown in figures 7 cnd S sorve to omphosizo tho
importence of tho elevator design in dobermining thoe high-spood .
dive~recovery charectoristics of an nirplanc, Thce diving tondoncy
oxhlbited by an airplanc in the stick—fixed condition mny bo
controllod te a considersblo oxtont in tho stick-froo conditlon .
through the characteristics of tho olovator. As was pointed cut



NACA RM No. ATC2k 17

in the discussion of equations (1) and (2), the diving tondency is
caused primarily by the incrcase in tho angle of attack of the tail
accompanying the increase in the zero 1ift angle, changos In span
loading, and a reduction in tho lift-—curve slope of the wing. I
tho elevator hinge—moment coofficlent or thc elevator floating
anglo decreases with increasing Mach number and incroasing tail
angle of attack, an inherent pull-out tendency mey be obtainod,
Thus, tho effecte of deficlencies in tho characteristics of the
wing of an airplane on the high-speed control maey be leasencd by
tho proper selectlion of elsvator.

Some additionsl iteme relabtive to the design of tho horilzontal
tall should be mentioned. The use of spoilers on tho stebilizer to
change tho floating angle of the oclevator is discusscd in roferonce 6.
Such & device serves as an effective dive—rscovery aid, but 1is not
guiteble as a triming dovice because of its ebrupt actlon. Fabric
covering is generally not suitable for control surfaces to be used
in high-spoed flight, bocsuse the deflection of the fabric has a
considerable effect on the hinge-moment characteristics. Powor—
boost and spring—tab systems are useful for roducing stick forces
at high speed and reduce or eliminate the need for asorodymamic
balance on the elevator. A controllable stebilizer haos mony
possibilitics as a trimming device and dive-rocovery ald, but it
involves structursl probloms, espscially for lerger airplanes.
Another possibility is the all-movebls tell replacing the gtabilizor--
elevator combination. Boesldes the structural and flutter problems
associated with such a tail, the hinge—momsnt characteristlcs would
of for a control problem unless the elevators werc powor driven,
Thore is an unstable veriation of hingo-moment coofficient with tall
deflection over a limited deflection range for an sll-movable tall
of low aspect ratio similar to the unsitable variation of pitching—
mament coefficient with 1ift coefficicnt charasctoriatic of low—
aspect—ratio wings operating at small angles of attock. Tho insta—
bility is produced by the rapld forward movement of tho center of
pressure a8 the angle 1s increascd and 1s discussed in roforonce T.

During dives, thers may be rapid changes in the Mach numbor
duo to the reduction in esltitude and variations in the spesd of
the airplane. Conseguently, all longltudinzl control and trim
dovices should bo within Immediate control of the pllot in order
that excessive acceleratlons do not accampany changos in the eilr—
plone stability and trim snd in the effectivoness of the control
gurfaces or trim devices. Finally, duc consideration rmst bo
given to the effects of the deformotion cf tho ontire airplanoc
gtructure in a1l stebility snd control investigatlons.
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CONCLUSIONS

Results of seversl high—specd wind-tunnel investigations
indicate the following to be conducive to favorable high—speed
dive—recovery chaeracteristics:

l. Because loss in 1lift at supercritical spoed is tho
primary cause of the diving tendency, the Mzch numbers of lift
divergence of the wing and tail should approachk as nrarly as
possible or exceed the msximum Mach number sxpected in £light.
High Mach numbers of lift dlvergence may be obtained through the
careful choice of airfoll sectlons and the use of roduced thick-—
ness ratlios, low-aspect ratlios, or sweep.

2. In establishing the spanwise variatlion of critical Mach
number, and the span load distribution, conslderstion must be
gliven to the interference and end-plate effocts of nacelles,
fuselages, or booms on the section lift-curve slope.

3. In order to insure a constant stick-force gradient there
should be a minimum varietion in ths balance effsctivencsa of tho
elevators over the operating rangs of Mach numbers.

b, 1In cases of oxisting ailrplancs or those where modifi-
cations to the wing are not fiasible and where tho Mach number
of 1ift divergence must be exceeded in flight, control difficulties
can generally be lessensd or preventcd by ths proper choice of
elovators. Imn such cases, the elovator hingo-moment charactor—
istics may be obtained such that favoreble control tendsncies
rogult from tho effects of the chengus in the zero-lift angle and
the span load distribution of the wing.

Amos Aeronautlceal Laboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.



NACA RM No. ATC2h 19

REFERERCES

Hood, Manloy J. and Allen, H. Jullan: Tha Problem of Longitudinal
Stability and Control at High Speeds. NACA Rep. No. 767, 19%3.

BErickson, Albert L.: Investigation of Diving Elemonts of the
Lockheed P—-38 Airplane in the Ames 16-foot High-Speed Wind
Tunnel. NMACA CMR, Oct. 1942,

Erickson, Albert L.: Wind Tunnel Investigation of Devices for
Improving the Diving Characteristics of P—38 Airplanes, NACA
CMR No. 3F1l2, 1943,

Boddy, Iee E. and Williams, Waltor C.: A Summary and Analyseis
of Date on Dive-Recovery Flaps. NACA RM Nc. ATFO9,.

Hall, Cherles F.: The Effect of Modiflications to the Horizontal—
Tail Profils on the Higk—Spesed Longitudinal Comtrol of a Pursult
Airplane. MNACA TH Fo. 1302, 1947.

Boddy, Teo E.: The High-Speed Characteristlics of Several Flaps
and Spoilers on the Upper Surface of the Horlzontal Stabilizer
of a 0.3-Scale Model of the Republic P-4TD Afrplano. NACA
CMR No. ASLOT7, 1gh86,

Zimrorman, C.H.: Characteristice of Clark Y Alirfoils of Small
Aspect Retios. MACA Rep. Fo. 431, 1932,



ASPECT RATIO OF 9

Twe- DIMENSIONAL

E5-2ie
OF
Co / | )
0F £5-210 .04 iyl
&0 / /1 u—zos‘—-—ﬁ?S’ / A
o2 A o2 81-206—~/ of
7 :Inoa | Ll lone
o o L :
€ 2RV VIR 9 .6 7 p 8 .9
06 —h
Cs cs-m/mlo
o o &5-2/2) /
G2 /7 o210 ——-..@ /
44 P L ) @ AN
7 A s R 7 S 2
0 | 0 1 ]
.€ 7 a8 .9 .€ 7 m 8 N
06 pT¥ 1T [
2 / & 5-X10 €6-2/2
o4 7 OF Eva
.4 66200 —
/4/ . sezao8 7&/ /1
oz 708 oz 66206 = 7
e ez
0 | 0 L - L
AIPECT RATIO OF 9. THO-DIMENSIONVAL
NATIONAL ADVISORY @) DRAS COLFFICIENT
COMMTTEE FOR AERONAUTICS
* 422
Acg,o ér-z10 ~%
’ ” sA-208 ’
‘“C,_lo 65-208 E—EOG ; /
e — o.‘ . o -
— . T M g 9
- il [L3T F
7@
] 5 7 M 8 9 Algeo 5:-2/0—\//
’ S — ” 65208~ £
aACe, 65-0 652 X /
g e A o Yz nl
<1
~“° pwTon
6 7 M .8 9 Acle 20 “-ep—\ /
’” T ” S6-208- Y —
A&gz0 65-212 6620 5
o Al , o
ASPECT RATIO OR 9 TWO - DIMENSIONAL

b) CHANGES IN THE ANGCE OF ATTACK FOR ZERG UnT

FISURE [~ EFFECT OF AIRFOIL THICKNESS ON THE ALRODYNAMIC
CHARACTERISTICS OF NACA 6~ SER/ES AIRFOIL S,

TWO-DLIMENSIONAL

£4-2067

08— 2

ASPECT 4TI0 08 O
® 6’5‘7!'5'0)_
o | ™\
= T YN
N} €5-210 <
ss-zce—/\
~
o
.6 a M & N
“m-—-—/(\
HATIONAL, ADVISORY ey YR o A
COMMITTEE FOR AERONAUTIOS doc _..-’E:r/o—*r/ \ ~
’ L e, N
&) LIFT-CIRVE SLOPS
ASPECT RATIO OF 9 TIO ~-LVMENSIONAL
°% T A7 2 3 °3 T Ay -8 .9!
e3-292 ~ -] .
Gr ke i R e Y |
R ” Y -] s4-208
- c“ Q - GE-210 -~/ G, 2 ™ €1-22
Gs-hl 5"\8!} ‘4]-_206
1 |
9% ;v *"/.T - 7 M - .sla
. [ —
e | N T, e
=/ P ' C,5- 28 Sﬁ .
o \cs-]rac
) T AT B : AN
Cr E;;;u'ﬂ-::—'\ /“LIR o.ﬂ 2 M B ,ﬂ|’
) IS N g o 6-mz
c’“-l'4 e et R I e v Ry i R QY
el g-208 = [~ 66-208
-/ 1 66206
&) PITCHING-MONENT COEPFICIENT
SIQURE 1.~ CoNCLUDSD,

$EOLY "ON INH VOVN

814



& 1 g
mff{"‘"y ~
A — <, I X
MOT-NACA 230I6  Tir-NACA 4412, A0OT~ KACA 66,2-220  TH*-RACA €6,2- 114 wer g ™ \
o Ax8.25 6 A=6.4 (3 | N PR S i
M ] . —— 0
G a.r-_dl?'&\_ R~ :l::\ ane’ c%-—-\ \\
a \\“~\\ A Wil x S .2 ALY | ! \
et -
N joc= 25l N joeez2s dp=-F
—1K N\ 720 N A= T\
o2 O ‘\\‘Q‘ -2 0" \\\ — I |' # \\ P md,ﬁ-a- \\\;\
bt S - N ocs0 £20° |
0L > . N L, » AN
K3 .T__. L= m -9 6 = 4 M\{!\ 9 3 7 M B .9 T2, Jpm- ——
-2 = _._—. s | -2 . — o I [
0 o ==
e ’ | /k & T pm B8 \,.3
-4 | @uown mrqure) 1 g LT L Guown v micoreS) (@) LT COEFFICIENT.
l[ 11" ',
ROOT AND TIF* NACA 65 ~213 RGOT AND TIP - NACA €520 ] | I I ] - I |
A2ZS A, AR RPN S 1 NG _ S S g M_ g |
K-S i ~ € — = Cm & L & ? Cn 6 T- I s -2
@ - G e a” ™. =[N Ir=o6"
K : 4 11 N 0 = ~ "> o =~‘4-\\
07| ™ i F2o R
2 2 ~] =< k= - e R
2T \ ovo* . I i \/ Q! \
o \ o s R el Bty ~/ -/ \‘-—ac,
4 T m B -9 -8 7 M 2 -9 () PITCHING-MOMENT COEFFICIENT AT O.2 Cy.
=2 b= -2 - NATIONAL ADVISORY
u--lr T a.: -4 i /‘/ . oGm-E” COMMITTEE FOR »:no:Auncs
-4 -4 o 4 4 = 7 4 T
e / =4 | I~ opx-6"
- « = o 1
& — TWO-DIENSIONAL VACA E5-E0C 2° =z a° B s e
- o° _ze T—1
€ Lo : ROOT- /VACH ONE-CE TP-NACA OOI/-64 0° o 2
G oce2? L.+~ N SwrPTBACK 35° A= s.02 6 7 a8 .9 € 7 pm 8 )
- ¢} ANGLE OF ATTACK FOR O.2 Cf-
. T
"0 ,—
.2 i = 2 -4
| o
o ﬂ 7.‘ b
- —t 1. da Ci oc
a2 ™~ T & N\ 5“’9“ \--.__
-4 : -/ i \W -4
-4 _ﬂﬁm'\‘ n G — —7e N 46 o
! o ! K . < # \\ o e \\
-6 I h | ° | h ° |
~-7 ———————— COMPLETE MODEL -& T pm -8 -9 - 7 M -8 9
NATIONAL ADVISORY —————— MODAL LESS TAIL (@) LIFT-CURVE SLOPE AND FLAP EFFECTIVEIVESS ”
COMMITTEE FOR AERONAUTICS —_——— NG ASPECT RATIO OF 9 TWO-LIWIENSIONAL
FIGURE 2~ VARIATION OF LIET COEFFICIENT WITH MACH NUMBER AT CONSTANT FIGURE 3.~ EFPeCT OF NEGATIVE FLAP DEFLECTION ON THE ASRODYNAMIC
ANGLES OF ATTACK FOR SEVERAL NMODELS CHARACTERISTICS OF THE NACA 65,~210 AIRFOIL WITH A O.2CHORD PLAIN FLAP,

18

$gOLY "ON WY VOVN

-



NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

—6 XEY
/ A STANDARD MoosL (3.M)
- = — B PWSELASE RSMOED.
e —F— W —————C  MVINORUELAGE.
" d b D SN, WG DD,
k! = ____3;3. B SAWING G0V
G | 1 \\\ . o SH, AKERONS DROOPED 15,
] )T_l\ F oo i g Mo omers 159
Py 1t . FUSEUAGE AWV ED,
B e A 1 — — e = [ 5M., OVTBOARD DIVE-
Cy=.l \,\: Recaveay &8
4 3 6 p 7
M _F-F-]
.’ F—— -—-__'-: I “
G LA R
4 T - \ A
] =
Los iy
o—{— 1 — 11—
C =2
-/
# 5 & ogm 7
ol
C"LJ’_ e B
A TP
o ) : ™|
O~ = - _.-—-’:i"\ai ~J<
N R
° 3
=7 =t ANy
M\ Me
\\%
[
LT

FISURE o, ~ FITCHING -IMMNIENT CHARACTERISTICS FOR SEVERAL CONNURATIONS

o~ A

CLEVATOR NEUTRAL.

- SCALR. MIODE[ OFF A TWIN ~-BO0M PURSUIT AIRFLANE WITH

STANDARD MODHNL,

= —a—— e REVISED MODEL WITH
10 . REFLEXED CENTER SECTION
G —— —  STANDARD MODEL WiTH
m o5 30° DIVE-RECOVERY IRLAPS
(L
»” A
] e} —— >’ (4
05 -.08 == p
5 ¢ M 7 2 Cm —
10 i - ™
. - J
-3 € M 8
(%4
o ™, °
s - s ~L_ /
-5 - 7 .8 Cm — L
4?2 =10
Cm - & M 7 8
—
05 .0
N\ Grt
o o P
= - T - »
-0t \ \ =05 = -:/
N on | —
~/0 '%C
) PITCHING-NIOMENT COEFFRCHE) (6) FYYCHING- FOMENT COERFICIENT
POMR THE COMPLETE MODEL FOR THE MODEL LESS TAIL.
. STANMARD
4 T 20,008 rECY; AWFOR.
* REVISED = et — { ALVISED A/RPOIL WITN
o Mopst L. |- T4 REFLEXERD TRANING EPEE
i v M T RS ADDRD BEFWETN FYSHIAES.
sTANOARS / %‘ 1
z* Memgl =t /, WiNG 38CTION
(ol _ESEA LEVEL Vo~ NACA :6‘,12-221’1‘
FC)ELEVATOR SETTING FOR LBVEL FLIGHT ’
€0
— 1
/% [ b
d‘.l a
£ 2 .
o o A OIVE-RECOVERY FAP ~|
:‘;'-.'" |l =7
NATIONAL ADVISORY

&) LIFT-CURVE SLOPE AND ZERO LIFT ANGLE

COMMITTEE FOR AEZRONAUTICS

FIGURE 8. ~ EFFECT OF REVIIED WING CENTER SECTION AND OF DIVE-RECOVERY FLAPS ON
THE LONGITUDINAL STABUITY AND CONTROL CHARACTER ISTICS OF A O.%8~ SCALE
MODEL OF A TWIN-FUSELAGE PURSUIT AIRPLANE.

$2OLV "ON WY VOVN

(44



23 ' NACA RM No. A7C24

/0 >
X 20 COMPALETE IO DEL
I 20
doe _—
2 & € T OFF
o o° =
-z" )
(Q) LIFT-CORVE SLORE AMND ANMGLE FOR ZERC LILFT
-, I I 2 -’ I | | |
7AIL OFF - / COMPLETE MOPDEL
Cn Cm o —e=0
C":.// | 2
o .fN—' ] ////o O-:L ]
g 5 .6 7 .8
.: P / n
A e
.5 & M\""\/ 8 |
-t | ] ) ] }
(& prrcuinG- monrenT
COEFFICIEN T
I
LINE OF MAXINILNY

THICKAESS

8
< Io I] !
‘=
Meg ~zj -
7 '::\\\4‘ a ]
;‘ ><\ %/\ § \ !
3 T ¥
-6 E WING SECTION
\7e RooT'| 7P - NACA 66,2-4i4

ROOT~ MODIFIED NACA 66,2-220

(C) SPANWISE VARIATION OF
CRITICAL MACH MUMBER

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE &.~ LONGITUDINAL STABILITY CHARACTERISTICS OF 4 5; ~SCALE
MODEL A= A4 THN ~-SET NAVY FIGHTER



o4 . 7 . BLUNT-NOSE ELEVATOR WITH BLUNT NOSE FLEVATOR IBALED, INTERNALLY
| ]M,-m n,.657 m,.78/ BEVELED TRLING FDSE WITH PLAT SIDES EALANCED ELEVATOR
Cb oCx 8.5 7
.02 = =670 274 a2 . N
N 4.5('27/ E /§< h
N LX\\ \ B ,?’;,:" \V 8 AL Lol Chg \\(,f prd §N o
0,2u/5-3 . 2" . ~.€° - 687
Dan MR ZAEE Y/ AT NN
£, L o B,
e S ZEVEn 77T T T O T I TIS AT NN
-8° - . - e - -t . - -4° »° 4 ~d < -8° ~Q° A e £
vt ¢ vl | et ol g e g S V| e 1T | et N
. BLUNT-NOSE ELEVATOR aﬁ.asmf%;-gmzuuuas WITH BEVELED _[47\]_ B) ELEVATOR NINEE-MOMENT COBFIFCIEN T AT BAANCE (Ciyp=0) \/—.9
'm
| —
o\ M,.397 M, . 687 g7 (42, \\
. N\ER -4.1] \\ %8 Joc
Che A\ ::‘ : \ ol A 5 Sm? & o s M7 8 & T fmI &2
8.2 & \\
02 s \\ d ) BLEVATOR EPFECTIVENESS
. . acw4.8" ’
_;_'640 k ._.......2.7‘3\ E i <o ~
N PN o6 < Y FINED — SN FRex 7 \\
o || | -2o"—] -1 3 E 2 = /AL
N LS NEUR T M el M
_sod..__.qa_)- ___B-;_:4o._°¢_‘ e _'T;;'L.—a- —q°— E g 20 —
("] y
o2 I “[ | l | I | | ¥ [y o 4 8 oepm7 8 4 5 M7 &8 4 &5 Bp7 4
BLUNT-NOSE SLEVATOR OF J5-PERCENT NOIE BALANCE WITH RAT SIDES, () NEYTRAL POINT LOCATIONS
.70 M. 80 - "_‘:% - nea
N Z] ] gl L 2 >~
\ : S e NN
a4 . | ==
_:.':: 8° 5 4 5 M7 a2 a4 5 647 B 4 3 Mg &
(8) FLEVATOR DEMLECTION
| “
. igs nwd
a|r e g, ¥ : 3= =
= _-u’l"_ --.:h' T ey 2
W 9 21 i NN V7 B
‘ 23, [T NN
N LI\ ¥ A Syt || %t &y 8
SEALED, INTERNALLY BALANCED ELEVATOR WITH &7- PERCENT NOSF g N\
adLance \ INZLrnron Teme a8 S5y
50 \ mlnnnI(A11wmﬂ
@) VAKIATION OF ELEVATOR HINGE-MONMENT COSPFICIENT WITH C,
ELPVATOR DERECTION A Pk foRcE
FIGURE 7.~ LONGITUDMNAL CONTROL CARACTERISTICS OF A MODEL OF ATWIN-JET NAYY CALCULATIONS FOR IG000Fr  \LT/TUNE) CO AT I8.6 T MAC, WIN&LOADRNG OF £1.5 L0, POR 8.FT
FIGNTER WITR THRBE DIFVERENT TYPES OF LLEVATORS NATIONAL ADVISORY FIGURE 7. = CONCLUDED. NATIOHAL ADVISORY

OOMMITTEE FOR AERONAUTIOS
COMMITTEE FOR AERONAUTICS

$20LV "ON W VOVN



4 — —y
22— ROUND-MOSE ELEVATOR ROUND-IVOSE ELEVATOR ~ AOUNDWOIE ELEVATOR
0 ——— WITY BULOED SIDES WITH RLAT SIOES WOTH PARTIALLY
06 M,0.30 M, Q.70. M, 0.79 DULGED SIDES
Che r
.04 - a M»30 M2, 30—
X 20
. < . J \K ) o\
’ - - -#75.50 N \
- o° 4 -\ 4 0 ¢ \ <4 o° . h
o d‘e N | N | ' ‘gl \ 7__2 \\\
W — P, ‘-" Le .;: - - o - C} .
N < a 4 8~ o 4
o2 2\ & | “PeT 1 1 il %1
=~ (A) ELEVATOR HINGE-MONMENT cam-we‘urnrmwce’(fm“’)
BULEED &LE
T N
, 0,50 M,0.70 ) 0.80 q P
06 4 5 &7 8 £ 5 .GM 7 & 2 5 M7 8
e \ €) £LEVATOR [FPPECTIVENESS
o4 )
\ A\
.z \ \ N I //‘L\ |——i—-¢|'mv|/=/xl=o
~8% ~4*\ 0* 4* -804\, O ¢° -4 4 o 4 e e e STIH FREE
[-] * { ﬂ \ g / ’ “
| N
; N %E | N
- o2 ¥ 40 p— ey
' \ iR i
FLAT-SIDED £2.EKATOR L a 5 &Mz £ g 5 -icm 7 8 s &M2 .8
. MEUTRAL ROINT LOCATIONS
06 ~M, Q.30 a1,0.70 #4,0.80. - (
e %
. : . Z
o4 -5 P 7 —
v \ . RS el i
N v | e o 4 -.&('\4- o - () szewqror skFurcry
Pe] N \\\ — 5By I —B— g — 536 78— &— 5—.€ py .77/.0
w02 N\ N NS A NS N [ a3/ 2
] ¢ ) st/
~.04 — R ¢ & =L/ h / \\z \\‘
| 4 TN L TR
PARTIALL e za,
ETIALLY BUILGED ELEWITOR RATIORAL. AOVISORY 3 \J 2] zimulnt
COMNITTEE FOR AERONAUTICS ¥ /ﬂ ST/CM FORCCE] NATIONAL ADVISORY |
(@) VARIATION OF ELEKQTOR HINGE - MOIMENT COEFFICIENT WITH ELEVATOR t | l l I ooTuma FOR AERONAUTICS
oerLECTION 100 I |
FIGURE 8.~ LOVWITUBINAL CONTROL CHARACTERISTICS OF A MOOS, OF AN ARMY CALCRATIONS FOR 110, 000 1T AL TV, CG AT 34 & T MAC, WG LOADWG OF D6.9 LS Fet 3q. PT.
PURSUIT AIRPLANE WITH THREE TYRES OF ROUND-NOSE SLSVATORS FIGURE 8.~ COoNCLUDED.

14

¥2OLV 'ON WY VOVN



NNNNNNNNNNNNNN

| 3176

——



